Patients with nonvalvular atrial fibrillation (NVAF) and chronic kidney disease (CKD) have increased risk of adverse outcomes. This study evaluated treatment with oral anticoagulants and outcomes in elderly NVAF patients with CKD.
Introduction
Patients with chronic kidney disease (CKD) of any severity are at higher risk for developing nonvalvular atrial fibrillation (NVAF) than the general population [1, 2] . Renal impairment is also associated with increased risk of both stroke and major bleeding in patients with NVAF, complicating therapeutic management [3] [4] [5] [6] . Oral anticoagulation is the first-line therapy for stroke prophylaxis in NVAF, but anticoagulant treatment increases the risk of major bleeding events [4] .
High-risk patients such as patients with comorbid NVAF and CKD may experience a net positive benefit of oral anticoagulation despite elevated bleeding risks [7, 8] . The most recent American Heart Association guidelines recommend use of oral anticoagulants in patients with comorbid CKD and AF with an intermediate or higher risk of stroke [9] . European registry studies suggest that patients with NVAF and CKD using warfarin had a lower risk of mortality, myocardial infarction (MI), and stroke [8, 10, 11] . Other similar studies have generated conflicting results about stroke and bleeding risk [12, 13] , and a recent meta-analysis suggests that specific risk profiles may differ in patients with end-stage renal disease vs. patients with less severe CKD [14] .
The approval of direct thrombin and Factor Xa inhibitors including dabigatran, rivaroxaban and apixaban for stroke prophylaxis has also introduced new therapeutic options for patients with NVAF and CKD. These direct oral anticoagulants (DOACs) are partially excreted through the renal system, so their antithrombotic effects and clinical risk-benefit ratio may differ from warfarin depending on severity of the patient's renal impairment [15] [16] [17] . A comprehensive review of randomized clinical trials indicated that DOACs provided similar stroke prevention benefits to warfarin without increased risk of bleeding in patients with CKD stage <4 and NVAF [18] . However, these agents may increase bleeding risks in patients with NVAF where renal excretion is significantly impaired [19] .
There is little real-world data on therapeutic approaches and clinical outcomes in the US elderly patient population with comorbid NVAF and CKD. The goal of this study was to provide evidence that may inform clinical management of this patient population by assessing the real-world clinical outcomes and utilization of FDA-approved oral anticoagulants for stroke prevention among elderly US patients with comorbid NVAF and CKD across a wide spectrum of kidney function.
Methods

Data sources and study population
This retrospective observational cohort study used research-identifiable fee-for-service (FFS) Medicare claims data including inpatient, outpatient, and carrier claims for all US Medicare beneficiaries aged 66+ with both an NVAF diagnosis in 2011-2013 and a CKD diagnosis in the 12 months (365 days) prior to the first NVAF diagnosis. Patient data was anonymized, and use of the administrative claims files for this study was approved both by the Centers for Medicare and Medicaid Services (CMS) and by the Duke University Health System Institutional Review Board. NVAF was defined as an ICD-9 CM code 427.31 in any position on an inpatient claim or on at least two outpatient or carrier claims within one year between 2011 and 2013 [20] . The first NVAF diagnosis date served as the index date. Patients were required to have continuous Medicare fee-for-service enrollment for at least 365 days prior to the index date and for 365 days after the index date or until death. All patients were required to be free of NVAF diagnoses for 12 months prior to their first NVAF diagnosis in 2011-2013. Chronic kidney disease was first broadly defined using an established claims based algorithm [21, 22] (S1 Table) , and was then limited to patients with ICD-9 CM codes 585.1-585.6 indicating specific stages of CKD in any diagnosis position on an inpatient, carrier, or outpatient claim. Patients with missing or unspecified CKD stages were excluded from the analysis (S1 Fig) . Advanced CKD was considered to be Stage 4 and higher; less advanced CKD was defined as Stages 1-3. Patients with valvular heart disease (S2 Table) in the 12 months prior to NVAF were also excluded.
Medicare Part D provides insurance coverage for self-administered prescription drugs such as oral anticoagulants. A sub-cohort of beneficiaries who were continuously enrolled in Medicare Part D for 12 months prior to their NVAF index date and at least 3 months afterwards are included to evaluate oral anticoagulant use in the comorbid CKD and NVAF patient population.
Patient demographics and comorbidities
Information on age, gender, and US geographic region of residence at the time of NVAF diagnosis was drawn from the Medicare Master Beneficiary Summary Files (MBSF). Baseline patient comorbidities, CHADS 2 , and CHADS 2 VASC stroke risk scores [23, 24] were calculated using Medicare fee-for-service inpatient, outpatient, and carrier claims from the 12 months prior to a beneficiary's NVAF index date.
Oral anticoagulation treatment patterns
Patterns of treatment with oral anticoagulants that were FDA-approved for stroke prevention in NVAF patients were assessed for the sub-cohort of patients continuously enrolled in Medicare Part D during the 3 month (90 day) window after the index NVAF date and in the 12 months prior to NVAF. Medicare Part D Prescription Drug Event files were used to identify each warfarin and DOAC (apixiban, dabigatran, or rivaroxaban) prescription filled. Edoxaban was not included in this study as it was not FDA-approved until 2015 [25] . Usage was categorized both by type of oral anticoagulant received (if at all), and the timing of OAC receipt relative to the patient's NVAF index date.
Clinical outcomes in the 12 months following NVAF
All-cause mortality, all-cause hospital readmission, ischemic stroke, hemorrhagic stroke, systemic embolism (SE), myocardial infarction (MI), major bleeding, and any bleeding were identified in the 12 months post-NVAF diagnosis using Medicare fee-for-service inpatient and outpatient claims data. Stroke, SE, MI, and major bleeding were identified from inpatient claims with a relevant code in the first diagnostic position (S3 Table) . "Any bleeding" was defined by a code indicating GI bleeding, intracranial hemorrhage, or other bleeding based on the first or second listed ICD-9-CM diagnosis or procedure code for inpatient admissions (Inpatient file) or in any position for an outpatient encounter. All-cause mortality was ascertained from death dates in the Carrier files, and all-cause readmission was calculated using admission dates from Inpatient claims files.
Statistical analysis
The distribution of demographic, clinical, and treatment characteristics across the full cohort and by Medicare Part D enrollment status was estimated using proportions for binary and categorical variables and medians/interquartile ranges for continuous variables.
Using the full patient cohort, the 12 month cumulative incidence was calculated for adverse clinical events by CKD stage at the time of index NVAF diagnosis, as were unadjusted event rates per 100 person-years with death as a competing risk. The Kaplan-Meier method was used to determine the cumulative incidence of mortality, and the cumulative incidence function with competing risks was used for all other adverse outcomes. Cox proportional hazards regression was used to calculate multivariate adjusted hazard ratios for the association between CKD stage and time to the first event. Models were adjusted for patient age, gender, and baseline comorbid conditions. Death was treated as a competing risk for all outcomes except allcause mortality.
A landmarked survival analysis was conducted to evaluate the relationship between OAC use during 3 months after NVAF diagnosis and clinical outcomes occurring 3-12 months post-NVAF among patients in the Medicare Part D sub-cohort. OAC treatment status during this 3 month time window was assessed and cumulative incidence and unadjusted event rates per 100 person-years for adverse clinical events occurring 3-12 months post-NVAF diagnosis were calculated by treatment status. Patients were categorized by treatment received during the 3 months as following: no receipt of an OAC prescription fill, receipt of a warfarin prescription fill only, and receipt of a DOAC prescription fill with or without a warfarin fill. Multivariate Cox proportional hazards regression was conducted to estimate the associations between OAC status and risk of clinical outcomes. Models were adjusted for patient CKD stage at NVAF diagnosis, age, gender, and baseline comorbid conditions. Death served as a competing risk for all outcomes except all-cause mortality.
Results
Cohort characteristics
A total of 198,380 patients �66 years old with CKD had a new NVAF diagnosis in 2011-2013 and met all eligibility criteria: 3,836 in stage 1, 12,326 in stage 2, 102,537 in stage 3, 39,230 in stage 4 and 40,451 in stage 5, including patients classified as having end stage renal disease (Table 1) . This cohort of patients with both NVAF and CKD is primarily age 80 years and older (54.3%). Patients with CKD and NVAF have a significant comorbidity burden. Stroke risk was high: 47.5% had a CHADS 2 score of 3-4 and 15.2% had a score of 5+. In the year prior to NVAF diagnosis, approximately half of the cohort had congestive heart failure, half had diabetes, one third had a major bleeding event, one third had a stroke, and one quarter had a MI.
Baseline patient demographic and clinical characteristics differed substantially across CKD stages at NVAF diagnosis (Table 1) . Patients with end stage renal disease were most likely to be younger (66-74 years). Patients with CKD stage 4 or 5 were more likely to have serious comorbidities. S4 Table presents demographics and clinical characteristics of patients with missing or unknown CKD stages who were excluded from the cohort.
Treatment patterns
Of the patients in the Medicare Part D-enrolled sub-cohort who survived at least 3 months post-NVAF (N = 89,060), approximately 68% of the cohort did not fill any prescriptions for an OAC in the three months following NVAF diagnosis (Table 2) , 26% filled a prescription for warfarin, and 5% filled a DOAC prescription. Since few patients (1.0%) filled prescriptions for both warfarin and a DOAC, this category was combined with those receiving a DOAC only for the following analyses on relationship between treatment status and clinical outcomes. The proportion of patients receiving warfarin post-NVAF diagnosis was consistent across CKD stages. However, use of DOACs differed across CKD stage: patients with CKD stage 1 were more likely to receive a DOAC in the 3 months post-NVAF diagnosis (~8%) than patients with CKD stage 4 or worse (<3%).
Receipt of OACs after NVAF diagnosis also varied depending on comorbidities: patients with prior major bleeding, anemia, thrombocytopenia, coronary artery disease, and peripheral vascular disease were more likely to receive no OAC vs. receiving warfarin or DOACs. However, among patients with prior stroke, the proportion of patients receiving no OAC treatment was similar to that of patients receiving warfarin (S5 Table) . Approximately 10% of the Part D patients received OACs prior to their NVAF diagnosis and continued filling them post-NVAF, but 22% newly initiated OACs in the 3 months post-NVAF. Most patients (65%) had no OAC prescription before or after NVAF (S6 Table) .
Clinical events after NVAF diagnosis
During the 12 months after NVAF diagnosis in the full study cohort (N = 198,380), 33% of the patients died and 57% were re-hospitalized at least once (Table 3) . Mortality rates differed greatly across CKD stage; 27.5% of patients with CKD stage 1-2 died (34.4 deaths per 100 person-years (py)), compared to 37.5% (51.1/100 py) and 43.0% (61.8 /100 py) in CKD stage 4 and 5/ESRD, respectively. The risk of mortality was highest soon after NVAF diagnosis; 68% of the observed deaths occurred in the 3 months immediately following NVAF diagnosis. Rates of hospital readmission also varied across CKD stages: 20% of patients with CKD stage 1-2 were readmitted within 30 days of NVAF diagnosis vs. 27% for patients with CKD stage 5/ ESRD (S7 Table) .
After multivariate adjustment for age, gender, geographic region, and prior comorbidities, risk of death remained substantially elevated for patients with CKD stage 4 (HR 1.20 95% CI 1.16-1.24) and CKD stage 5/ESRD (HR 1.45 95% CI 1.40-1.50) when compared to stage 1-2 patients ( Table 3 ). Risks of individual clinical events were also associated with CKD stages; patients with Stage 5/ESRD were at elevated risk of ischemic stroke (HR 1.15 95% CI 1.02-1.29), myocardial infarction (HR 1.46 95% CI 1.32-1.63), major bleeding (HR 1.43 95% CI 1.35-1.52), and any bleeding event (HR 1.17 95% CI 1.11-1.23) vs. patients with stage 1-2. Patients with CKD Stage 4 were also at increased risk for these events compared to patients with stage 1-2 (Table 3) . Major bleeding and any bleeding events were the most commonly occurring adverse events, with 12.8 major bleeds/100 py occurring in patients with CKD stage 1-2 and 21.7 major bleeds/100 py occurring in patients with CKD stage 5/ESRD. MI was the next most common event (6.8/100 py in CKD Stage 5/ESRD), followed by ischemic stroke (3.5/100 py in CKD Stage 5/ESRD).
Clinical events and OAC treatment status
The association between OAC treatment in the 3 months after NVAF diagnosis and clinical events occurring 3-12 months post-NVAF was evaluated. Table 4 presents clinical event frequencies, unadjusted rates and multivariate adjusted hazard ratios for patients with and without OAC treatment who were included in the Medicare Part D enrolled-sub-cohort. Of the 89,060 patients in this cohort, 18.4% died during the 3-12 months post-NVAF. After Table 3 . Observed clinical event cumulative incidence, incidence per 100 person-years and multivariate adjusted hazard ratios for the association between advanced CKD stages at NVAF diagnosis and adverse events in the 12 months following NVAF diagnosis in total patient cohort (N = 198,380). A sensitivity analysis for the associations between OAC treatment in the 3 months after NVAF diagnosis and clinical events occurring 3-12 months post-NVAF was conducted by stratifying patients by CKD stage at NVAF diagnosis. When limited to patients with CKD Stages 4, 5, or end-stage renal disease (S8 Table) , associations between warfarin use and clinical outcomes were consistent with those of the full Part D enrolled sub-cohort: warfarin use was associated with lower mortality rates, lower risk of hospitalization, reduced ischemic stroke risk, and increased risk of bleeding events. DOAC users were at lower risk of mortality, hospitalizations and MI, and at increased risk of bleeding events. In patients with CKD Stages 1, 2, or 3 at NVAF diagnosis (S9 Table) , warfarin users had decreased risk of mortality, hospitalization, MI, and ischemic stroke, and were at increased risk of hemorrhagic stroke and bleeding events. Patients using DOACs had reduced risk of mortality, hospitalization, and MI, and were at increased risk of bleeding. A sensitivity analysis limited to patients with CKD Stage 5/ESRD only (S10 Table) also indicated generally consistent findings with those of the full Part D enrolled sub-cohort.
Parameter
Events (N) Cumulative incidence (%) Events/100 person-years
Discussion
In a large, retrospective observational cohort study of adults aged 66 and over enrolled in Medicare, patients who had both CKD and NVAF had substantial comorbidity burden at the time of NVAF diagnosis and a high risk of death and other adverse clinical events in the 12 months following NVAF diagnosis. Risks of all-cause mortality and other adverse clinical events were strongly associated with severity of CKD. OAC use was low across all CKD stages, but was associated with a lower all-cause mortality risk than no OAC use in the first year among patients who survived at least 3 months post-NVAF.
The substantial comorbidity burden associated with patients who have both CKD and NVAF makes it very challenging to manage this patient population. Most of these patients have comorbid cardiovascular disease and are at high risk of stroke, with 95% of the cohort having CHADS 2 and CHADS 2 -VASc scores meeting recommendations for anticoagulation therapy. This population also has high rates of metabolic disease.
Mortality was high in the year following NVAF diagnosis for patients with both CKD and NVAF. In our study, 27.5% of patients with CKD stage 1-2 died within the year post-NVAF and the mortality rate reached 43.0% among those with CKD stage 5/ESRD. Similarly, a previous study of elderly Medicare patients with NVAF reported a 12-month mortality rate of 25%; this cohort was comprised mainly of patients without renal disease [20] . Patients with more advanced CKD had substantially higher 1-year mortality rates than the general Medicare NVAF population and when compared to patients with less severe CKD.
The majority of the observed deaths in this study occurred in the 90 days after NVAF diagnosis; this time period (6 months post-NVAF) was also identified as particularly high-risk in a recent population based study of CKD and NVAF patients in Canada [26] . For the analysis of the Medicare Part D-enrolled sub-cohort, mortality was evaluated in the period 90 days to 1 year following NVAF diagnosis as the first 90 days were used to assess OAC treatment. The mortality rates observed in the Medicare Part D sub-cohort were consequently lower than those of the full study cohort.
More severe CKD stage (Stage 4 or greater) at NVAF diagnosis was also associated with higher risk of ischemic stroke, hemorrhagic stroke, myocardial infarction, major bleeding, and all-cause hospital readmission. These findings are consistent with a growing body of evidence that poor or worsening glomerular filtration rate is associated with higher risk of mortality, stroke, systemic embolism, MI, and major bleeding in NVAF patients [4, [26] [27] [28] [29] . Our findings indicate that the risk of adverse clinical outcomes in patients with CKD and NVAF is not only elevated for those patients receiving renal replacement therapy but also in patients at CKD stage 4 or 5 (eGFR�30 ml/min) who were not receiving renal replacement therapy.
Utilization of FDA-approved oral anticoagulants, a standard therapy for stroke prevention in patients with NVAF, was low in this population of patients with both CKD and NVAF. More than 65% of patients did not receive any oral anticoagulation in the 3 months after their NVAF diagnosis across all CKD stages even though stroke risk was high, and the no treatment rate increased as CKD became more advanced. A recent observational study of Ottawa residents age 66+ with CKD and incident NVAF reported a similar and even lower rate of anticoagulation: 77% received no oral anticoagulation therapy in the 30 days post-discharge [30] . Oral anticoagulation is potentially underutilized in this patient population due to the observed lower long-term mortality rates in patients receiving anticoagulation and previously reported clinical risk-benefit ratios [3, 8] . Another study with longer-term follow-up post-NVAF diagnosis (median 1.44 years) has reported approximately 65% of elderly CKD and AF patients received at least 1 oral anticoagulation prescription during the entire follow-up [31] . Careful individual risk-benefit analysis based on a patient's level of renal functioning, stroke risk, hemorrhage risk and medical history will be required when making anticoagulation decisions for patients with comorbid CKD and atrial fibrillation.
The associations between OAC use and lower mortality rates in this population of patients with CKD and NVAF are largely consistent with findings of other large population-based cohorts [10, 12, 30, 32] . However, recent meta-analyses of observational studies on oral anticoagulation in comorbid CKD and AF suggest that while patients with lower stages of CKD might benefit from OAC use, patients with ESRD showed no association between OAC use and reduced mortality or stroke risk [14, 33] . Studies also reported mixed findings for OAC use and prevention of ischemic stroke in NVAF and CKD patients, with some studies reporting a decrease in stroke risk with OAC use [10, 32, 34] while others report no association or even an increased risk of ischemic stroke [12, 30, 33] . In our study, those receiving warfarin or DOACs were less likely to die in the 90 days to 1 year after NVAF diagnosis, and were less likely to experience any hospitalization, MI, or ischemic stroke. However, those receiving warfarin or DOACs were more likely to experience major bleeding events resulting in hospitalization and hemorrhagic stroke. In the sensitivity analysis limited to patients with CKD Stage 5/ ESRD, warfarin use was still associated with lower risk of mortality, ischemic stroke and MI and a higher risk of hemorrhagic stroke and bleeding.
This study is subject to some limitations. First, this study used diagnosis codes to identify CKD and staging of CKD. Although a validated algorithm was used to identify CKD and stages of CKD, there were a number of patients with missing or unspecified CKD stages, which limited our ability to further evaluate these patients. Second, while the analyses of the relationships between OAC use and clinical outcomes were adjusted for a number of potential confounders, there may be remaining confounding as claims data cannot fully capture the clinical evaluation that drove treatment decisions. Third, when evaluating the relationship between OAC use and clinical outcomes, we only evaluated outcomes in the 90 days to 1 year after NVAF diagnosis as the first 90 days were used to assess OAC treatment. In routine clinical setting, patients may start OAC treatment right after NVAF diagnosis and experience clinical outcomes during the 3 months after NVAF diagnosis. Given the current study design, effects of anticoagulation on mortality and other clinical outcomes in the first 3 months after NVAF cannot be estimated from this study. Additionally, since oral anticoagulation use was only assessed in the first 3 months post-NVAF diagnosis, we likely miss patients who started on oral anticoagulants after that time period. We also did not capture use of alternate anticoagulation strategies that are not FDA-approved for stroke prevention in NVAF patients, such as use of low molecularweight heparin. Finally, the number of patients receiving DOACs was relatively small because DOACs were newly approved during this study period.
A major strength of this study is that the population is based on a 100% sample of individuals with Medicare who were diagnosed with atrial fibrillation from 2011-2013. Since Medicare enrollment is nearly universal among the US population age 65 and older, current study findings should be generalizable to the US elderly population with NVAF and CKD that received a staging diagnosis.
Conclusion
Elderly patients with NVAF and CKD had many comorbid conditions across all CKD stages. NVAF patients with advanced CKD had higher risks of mortality and serious clinical outcomes than did patients with less advanced CKD. Use of OACs in the first 3 months following NVAF diagnosis was low, but patients surviving at least 3 months post NVAF-diagnosis who received OACs had lower subsequent mortality rates than those who did not receive OACs. Additional studies are needed to evaluate the impacts of anticoagulation therapy in the 3 months immediately following NVAF diagnosis, as well as individual OACs' impacts on mortality and clinical outcomes in patients with NVAF and CKD including ESRD. 
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